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VOLUME MONITORING DEVICE 
UTILIZING LIGHT-BASED SYSTEMS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation-in-part of U.S. 
patent application Ser. No. 13/975,052, filed Aug. 23, 2013, 
entitled “Volume Monitoring Device'; which is a continua 
tion-in-part of U.S. patent application Ser. No. 13/839,771, 
filed Mar. 15, 2013, entitled “Devices and Methods for Modu 
lating Medium Delivery' which claims priority to and the 
benefit of U.S. Provisional Application Ser. No. 61/694,137, 
filed Aug. 28, 2012, entitled “Devices and Methods for 
Modulating Medium Delivery, the disclosures of which are 
hereby incorporated by reference herein in their entireties. 

INTRODUCTION 

0002 This disclosure pertains to devices and methods 
used to control, transform or otherwise modulate the delivery 
of a substance, Such as radiopaque contrast, to a delivery site 
and/or devices and methods that may be used to measure or 
otherwise make quantitative assessments of a medium deliv 
ered to a delivery site. More specifically, it is the intention of 
the following devices and methods to modulate and/or assess 
the delivery of media to a vessel, vascular bed, organ, and/or 
other corporeal structures so as optimize the delivery of 
media to the intended site, while reducing inadvertent or 
excessive introduction of the media to other vessels, vascular 
beds, organs, and/or other structures, including systemic 
introduction. 
0003. The terms medium (media), agent, substance, mate 

rial, medicament, and the like, are used generically herein to 
describe a variety of fluidal materials that may include, at 
least in part, a Substance used in the performance of a diag 
nostic, therapeutic or/and prophylactic medical procedure 
and Such use is not intended to be limiting. 

SUMMARY 

0004. This summary is provided to introduce a selection of 
concepts in a simplified form that are further described below 
in the Detailed Description. This summary is not intended to 
identify key features or essential features of the claimed sub 
ject matter, is not intended to describe each disclosed embodi 
ment or every implementation of the claimed Subject matter, 
and is not intended to be used as an aid in determining the 
scope of the claimed subject matter. Many other novel advan 
tages, features, and relationships will become apparent as this 
description proceeds. The figures and the description that 
follow more particularly exemplify illustrative embodiments. 
0005. In one aspect, the technology relates to an apparatus 
having: a Syringe housing; a plunger slidably received within 
the Syringe housing between a first position and a second 
position, the plunger having a Substantially opaque portion 
and a Substantially translucent portion; and a light sensor 
module disposed on the Syringe housing, wherein the light 
sensor module has a light sensor housing and a first sensor 
element and a second sensor element, wherein the first sensor 
element and the second sensor element are disposed within 
the sensor housing, wherein positioning the plunger at the 
first position aligns the Substantially translucent portion with 
the first sensor element and positioning the plunger at the 
second position aligns the Substantially translucent portion 
with the second sensor element. In an embodiment, the appa 
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ratus has a lead extending from the light sensor. In another 
embodiment, the apparatus includes an interface for connect 
ing the lead to a measuring device, and wherein the measuring 
device displays a total volume injected and emits a warning of 
a critical outcome. In yet another embodiment, the light sen 
Sor housing is releasably fixed to the Syringe housing. In still 
another embodiment, the apparatus includes means for 
releasably securing the light sensor housing to the Syringe 
housing. 
0006. In another embodiment of the above aspect, the 
means includes at least one of a clamp, a clasp, a hook and 
loop fastener, and a magnet. In an embodiment, the apparatus 
further includes a light emitter module disposed on the 
Syringe housing, wherein the light emitter module has a light 
emitter housing and a first emitter element and a second 
emitter element, wherein the first emitter element and the 
second emitter element are disposed within the emitter hous 
ing. In another embodiment, positioning the plunger at the 
first position aligns the Substantially translucent portion with 
the first emitter element and positioning the plunger at the 
second position aligns the Substantially translucent portion 
with the second emitter element. In yet another embodiment, 
the first emitter element and the first sensor element are 
aligned. In still another embodiment, the sensor housing is 
disposed on the Syringe housing about 180 degrees from the 
sensor housing. 
0007. In another aspect, the technology relates to an appa 
ratus having: a syringe housing: a plunger slidably received 
within the syringe housing: a light sensor module secured to 
the Syringe housing; and a light emitter module secured to the 
Syringe housing, wherein the plunger has a plurality of Sub 
stantially translucent portions. In an embodiment, the plural 
ity of Substantially translucent portions includes: a first por 
tion having a first translucency; and a second portion having 
a second translucency less than the first translucency. In 
another embodiment, the plurality of substantially translu 
cent portions includes a gradation. In yet another embodi 
ment, the light sensor module includes a plurality of light 
sensors and the light emitter module includes a plurality of 
light emitters. In still another embodiment, the light emitter 
module is disposed at a location about the Syringe housing at 
least about 90 degrees from the light sensor module. 
0008. In yet another aspect, the technology relates to a 
method of determining a condition of a Syringe, the method 
including receiving a first signal from a first light sensor, 
wherein a position of the first light sensor on the Syringe is 
known. In an embodiment, the method includes determining 
a first position of a piston disposed within the Syringe based at 
least in part on the received first signal. In another embodi 
ment, the method further includes emitting a light signal from 
a light emitter disposed on the Syringe. In yet another embodi 
ment, the method further includes receiving a second signal 
from a second light sensor, wherein a position of the second 
light sensor on the Syringe is known. In still another embodi 
ment, the method further includes determining a second posi 
tion of the piston based at least in part on the received second 
signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0009. There are shown in the drawings, embodiments 
which are presently preferred, it being understood, however, 
that the technology is not limited to the precise arrangements 
and instrumentalities shown. 
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0010 FIG. 1A depicts an exemplary synchronized agent 
delivery with indirect modulation, adjacent a distal portion of 
a treatment system therefor. 
0011 FIG. 1B depicts atop view of an exemplary synchro 
nized agent delivery with indirect modulation, adjacent a 
proximal portion of Such a treatment system. 
0012 FIG. 1C depicts a side view of an exemplary syn 
chronized agent delivery with indirect modulation, adjacenta 
proximal portion of Such a treatment system. 
0013 FIG. 1D depicts a side sectional view of the brake 
mechanism of the exemplary synchronized agent delivery 
arrangement of FIG. 1C. 
0014 FIG. 2 depicts a perspective view of an embodiment 
of a monitoring syringe. 
0015 FIG.3 depicts a partially exploded perspective view 
of the monitoring syringe of 
0016 FIG. 2. 
0017 FIGS. 4A-4C depict partial enlarged perspective 
views of other embodiments of monitoring Syringes. 
0018 FIGS. 5A-5C depict embodiments of a monitoring 
Syringe. 
0019 FIG. 6 depicts a partially exploded perspective view 
of another embodiment of a monitoring Syringe. 
0020 FIG. 7 depicts a method of using a monitoring 
device. 

0021 FIG. 8 depicts one example of a suitable operating 
environment in which one or more of the present examples 
may be implemented. 

DETAILED DESCRIPTION 

0022. There are numerous occasions in the diagnostic, 
prophylactic and treatment practice of medicine wherein an 
agent, medicant, or medium is preferably delivered to a spe 
cific site within the body, as opposed to a more general, 
systemic introduction. One Such exemplary occasion is the 
delivery of contrast media to coronary vasculature in the 
diagnosis (i.e., angiography) and treatment (i.e., balloon 
angioplasty and stenting) of coronary vascular disease. The 
description, as well as the devices and methods described 
herein, may be used in modulating and/or monitoring 
medium delivery to the coronary vasculature in prevention of 
toxic systemic effects of Such an agent. One skilled in the art, 
however, would recognize that there are many other applica 
tions wherein the controlled delivery and/or quantitative 
assessment of a media to a specific vessel, structure, organ or 
site of the body may also benefit from the devices and meth 
ods disclosed herein. For simplicity, these devices and meth 
ods may be described as they relate to contrast media delivery 
modulation and/or measurement. As such, they may be used 
in the prevention of Contrast Induced Nephropathy; however, 
it is not intended, nor should it be construed, so as to limit the 
use to this sole purpose. Exemplary other uses may include 
the delivery, injection, modulation, or measurement of can 
cer treatment agent to a tumor, thrombolytic to an occluded 
artery, occluding or Sclerosing agent to a vascular malforma 
tion or diseased tissue; genetic agent to a muscular bed, neural 
cavity or organ, emulsion to the eye, bulking agent to mus 
culature and/or sphincter, imaging agent to the lymphatic 
system, antibiotics to an infected tissue, Supplements in the 
dialysis of the kidney, to name but a few. 
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Example 

Prevention of Contrast Induced Nephropathy 
0023 Contrast Induced Nephropathy (CIN) is a form of 
kidney damage caused by the toxic effects of dyes (radio 
paque contrast media) used, for example, by cardiologists to 
image the heart and its blood vessels during commonly per 
formed heart procedures, such as angiography, angioplasty, 
and stenting. In general, the dye is toxic and is known to 
damage kidneys. Although most healthy patients tolerate 
some amount of the “toxicity.” patients with poorly or non 
functioning kidneys may suffer from rapidly declining health, 
poor quality of life, and significantly shortened life expect 
ancy. Potential consequences of CIN include: irreversible 
damage to the kidneys, longer hospital stays, increased risk of 
heart disease, increased risk of long-term dialysis, and ulti 
mately, a higher mortality risk. For patients who acquire CIN. 
their risk of dying remains higher than others without CIN, 
and this risk can continue up to five years after their proce 
dure. CIN has a significant economic burden on the health 
care system and currently there is no treatment available to 
reverse damage to the kidneys or improper kidney perfor 
mance, once a patient develops CIN. 
0024. To date, there have been attempts in reducing the 
toxic effects of contrast media on patients who undergo pro 
cedures involving dyes, especially those patients who are at 
high risk for developing CIN. Some of these efforts have been 
to: change the inherent toxicity (of a chemical or molecular 
nature) of the dyes, reduce the total amount of contrast agent 
injected (through injection management and/or dye concen 
tration), and remove media through coronary vasculature iso 
lation and blood/contrast agent collection systems, to name a 
few. These methods and devices used in the control of the 
toxic effects of contrast agents have had their inherent com 
promises in effectively delivering a contrast media specifi 
cally to a target site while minimizing the systemic effects. As 
an example, changing the composition of a dye and/or injec 
tion concentration may help reduce a contrast agents inher 
ent toxicity at the expense of the contrast agent's ability to 
perform its intended function (e.g., visualization of vascula 
ture). Conversely, the ability to “collect contrast agent laden 
blood “downstream” from the visualization site may ensure 
visualization, but requires the complexity of placement and 
operation of a collection system. 
0025. Other attempts to manage the amount of contrast 
agent delivered to a patient have employed automated, pow 
ered (versus manual, Syringe-injected) contrast media injec 
tion systems. Close monitoring and control of the total quan 
tity of contrast agent injected may have a positive impact in 
reducing the incidence of CIN. However, these injection sys 
tems are expensive (including capital equipment and dispos 
ables), cumbersome to use within a cath lab, and take addi 
tional time and expertise to set up and operate properly. 
Improper use could negate any benefits seen by better man 
agement of the quantity of the contrast agent delivered to a 
patient, and the additional time required to set up Such a 
system may also add significant complexity to a procedure. 
The devices and methods described herein may measure or 
otherwise quantitatively assess the amount of medium 
injected or delivered to a delivery site using a relatively fast, 
simple, economical, and safe System. 
0026. The measurement systems described herein may be 
employed as a system of quantitative assessment or in com 
bination with a modulator. Additional systems are described 
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in U.S. patent application Ser. No. 13/839,771, the disclosure 
of which is hereby incorporated by reference herein in its 
entirety. FIGS. 1A-1D depict embodiments where a modula 
tor is constructed so as to measure the amount of an agent 
delivered from the system. Conversely, FIG. 2, for example, 
describes the use of a measurement system for the quantita 
tive assessment of the volume of medium delivered and the 
inherent analysis of the total volume delivered versus some 
predetermined critical amount, such as the Gurm ratio, 
whether or not it is used with a modulator. 

0027. It should be understood that measurements may be 
performed prior to a medium being modulated, simulta 
neously with modulation, or after the modulation process, if 
desired. Further, it is also contemplated that the measurement 
devices and methods may be used with any of the modulation 
systems, such as described in U.S. patent application Ser. No. 
13/839,771. Moreover, the embodiments described herein are 
exemplary in nature and should not be construed as limiting 
the various combinations possible. 
0028. Some embodiments of control and modulation 
devices disclosed herein may send and/or receive a sensor 
signal so as to coordinate a valving, controlling, or otherwise 
modulating function on an injection agent before the agent 
enters an intended target injection site. Modulation may 
include, for example, Valving (or otherwise modulating) an 
injection dispensed from an injection device. As described in 
U.S. patent application Ser. No. 13/839,771, indirect valving 
(or otherwise controlling mechanisms) may be proximally or 
distally positioned within, about, and/or upon the agent deliv 
ery system. An example of an indirect modulation control 
system 10 is depicted in FIGS. 1A-1D. In this example, a 
sensor 12 is deployed distally on a delivery catheter 14 (as 
seen in FIG. 1A) and a modulating device 30 (of FIG. 1B) is 
provided proximally. The sensor 12 of FIG. 1A is an exem 
plary pressure sensor positioned on the distal tip of the deliv 
ery catheter 14. As described previously, this is only one 
example of a type of sensor that may be used in obtaining a 
signal to synchronize the delivery of medium with the blood 
flow rate. Moreover, FIG. 1A illustrates the positioning of the 
sensor 12 upon the distal tip of the delivery catheter 14 within 
the aorta 16 to the left coronary artery 18, off the aortic root 
20. The exemplary positioning of the sensor 12 in FIG. 1A 
should not be limited to that shown in order to perform the 
functions described herein, since there may be a multitude of 
sensor types (and commensurate signals) positioned at vari 
ous locations on (i.e., as a function of respiration), through 
(i.e., as a function of imaging) and within the body (i.e., as a 
function of a variable proximate a target delivery site). 
Clearly, even the placement of a distal pressure sensor in 
exemplary FIG. 1A could take many forms, such as: a pres 
Sure wire alongside the catheter, a lumen within the catheter 
body for pressure measurement, a pressure sensor deployed 
within the distal tip of the catheter, and a pressure sensor 
deployed distally of the distal tip of the catheter and into the 
target vessel, to name but a few. 
0029 Referring to FIG. 1B, modulating device 30 may 
include an inlet port 32 (from the injection device) and an 
outlet port 34 (to the delivery catheter 14). The flow of injec 
tion fluid may pass through the injection port 32 and into a 
fluid chamber 36 within a body or housing 38 of the modu 
lator 30. The modulator 30 may have a plurality of vane/plates 
40 attached to a cylindrical hub 42 disposed within the fluid 
chamber 36. The vanes 40 and hub 42 may beformed to define 
a “pinwheel structure of vane-hub that is capable of rotating 
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freely (relative to fluid chamber 36 and body 38 of modulator 
30) upon the injection of medium into the fluid chamber 36 
through the injection port 32. The hub 42 may be designed to 
preferentially rotate in one direction. For example, FIG. 1B 
illustrates the preferential flow of fluid and rotation of the 
Vane-hub, in a clockwise direction, via flow arrows 44. From 
the fluid chamber 36, injection fluid may flow out of the 
modulator 30 via the outlet port 34. 
0030. One advantage of the vane-hub modulator 30 
depicted in FIG. 1B is that it may be easy to measure, or 
otherwise identify, the total volume of injection fluid deliv 
ered through the modulating device 30 (over time) since the 
volume of fluid passing through the device 30 during one 
rotation of the vane 40 or hub 42 may be easily determined, 
and the number of rotations simply counted by a counting 
mechanism. Alternatively, each “cell' of fluid between adja 
cent Vanes 40 may be readily counted by a counting mecha 
nism. The counting mechanism may include a magnetic, 
mechanical, ultrasonic, infrared or similar measurement 
device capable of identifying the number of times a vane 40 
and/or some other element of the device 30 has passed within 
its field of measurement, or by determining the number of 
times the axis of the hub 42 has rotated. The output of such a 
counting mechanism may be utilized to determine and dis 
play (in real time) the total Volume of medium used during a 
procedure. Advantageously, in the management of medium 
injected, an operator or physician may readily see the amount 
of medium used (as determined by the counting mechanism 
and presented by a suitable display or indicative output). The 
determination of the Volume (via calculations or conversions 
based on, for example, counted rotations) may be performed 
as part of the counting device, or may be performed by a 
display device. In addition to providing Volume measure 
ments, the counting mechanism, signal, or display may incor 
porate various algorithms to alert the operator before or when 
maximum Volume of agent has been administered (based 
upon an operator-determined value, Maximum Acceptable 
Contrast Dose, Gurm ratio, etc.). For example, the Maximum 
Acceptable Contrast Dose index, as described by Cigarroa, et 
al. (June 1989) “Dosing of Contrast Material to Prevent 
Nephropathy in Patients with Renal Disease' Am Jour of 
Med. 649-652, Suggests that a maximum amount of contrast 
injected (in mL) be equal to 5 mlx body weight (Kg)/Baseline 
Serum Creatinine level (in mg/dL). In another example, the 
maximum amount of contrast injected (in mL) as described in 
Gurm, et al. “Renal Function-Based Dosing to Define Safe 
Limits of Radiographic Contrast Media in Patients Undergo 
ing Percutaneous Coronary Interventions' JACC 2011:58: 
907-14, Suggests that the maximum contrast used (in mL) 
should be less than, or equal to, 2 if it is divided by a calcu 
lated Creatinine Clearance (mL/min) of the patient. Regard 
less of the indicator utilized, the system may include a display 
that not only provides total volume used, but also warns the 
operator of use as compared to one or more indicators of a 
maximum administration. 

0031 Continuing with the description of the exemplary 
modulation device 30 shown in FIGS. 1 B-1C, the Vane-hub 
modulator 30 may include two components. The first, the 
body 38 (described above) may be situated adjacent a con 
troller/actuator 46 and may include the input port 32, the 
output port 34 and the fluid chamber 36 with rotating vane 40 
and hub 42. The body 38 may come into contact with bodily 
fluids and, accordingly, may be disposable. The controller/ 
actuator 46 may also include a brake mechanism 48, sensor 
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signal, receiver 50, and the like may be used to clutch, brake, 
or otherwise inhibit the rotation of the hub 42 so as to provide 
resistance to rotation. The resistance induced to the rotation 
may be coordinated with a signal from sensor 12 of FIG. 1A, 
So as to modulate an injection from an injector to improve an 
agent fluid flow. 
0032. The braking, or clutching, of the modulator 30 of 
FIG. 1C may be performed through a variety of mechanisms, 
to include, for example, mechanical, hydromechanical, elec 
tromechanical, electromagnetic, chemomechanical, etc. FIG. 
1C illustrates one such mechanism 48 for braking a shaft 52 of 
the hub 42, using electromagnetic force. The exemplary brak 
ing structure 48 is further detailed in FIG. 1D, wherein the 
longitudinal shaft 52 of the hub 42 is coupled to a hysteresis 
plate or disc 54 positioned within a magnetic coil 56. When 
electricity is applied to the magnetic coil 56, a magnetic flux 
is transferred to the hysteresis disc 54 (as it passes through the 
field) causing a magnetic 'drag on the disc 54. The drag, or 
braking, applied to the hysteresis disc 54 (and thus the shaft 
52 of the hub 42) may be increased or decreased with increas 
ing or decreasing Voltage applied to the magnetic field to 
modulate the flow of medium as intended. When electrical 
current is removed, the connected disc 54 may rotate freely 
about an axis of shaft 52. Upon modulating, braking mecha 
nism 48 of FIG. 1D may increase the drag (reduce the flow 
rate) of the agent as needed to improve the flow profile of the 
agent or fluid. 
0033 FIGS. 1A-AD describe one system to regulate the 
flow profile and determine the volume of injection agent 
through a modulator, and as such, are intended to illustrate the 
modulation monitoring, control, and measurement concepts 
disclosed herein without limitation. Therefore, this embodi 
ment is but one example how one might use a modulator 
device and a measurement device to control the delivery of an 
agent, as well as measure the amount of agent delivered. 
0034. Other embodiments including devices and methods 
in quantitative assessment, or otherwise measurement, of the 
volume of delivery of an agent are described below. It is to be 
understood that these measurement devices may also be used 
in combination with a variety of agent modulators and the 
description is intended to be exemplary and not limiting. 
0035 FIGS. 2 and 3 depict a perspective view and a per 
spective exploded view, respectively, of a monitoring Syringe 
100. The monitoring syringe 100 includes a syringe housing 
102 (or chamber) defining an inner bore 104. A plunger 106 
including a shaft 108 and a piston 110 is slidably received in 
the bore 104. More specifically, the piston 110 is slidably 
engaged with an interior surface of the bore 104 and linear 
movement M of the shaft 108 within the bore 104 moves the 
piston 110. Movement M is along the syringe axis As. The 
plunger 106 is moved back and forth within the bore 104 by 
the movement of a thumb pad, such as a thumb-ring 112, as 
described in more detail below. As the plunger 106 is moved 
Mina direction towards the discharge end 114 of the syringe 
housing 102, the fluid contained therein is discharged into a 
tube or needle (not shown) and delivered to a patient. Note 
that throughout the description a cylindrical-type chamber 
102 and inner bore 104 are described; however, it is contem 
plated that there may be a variety of constructions of a hous 
ing/bore 102/104 and plunger 106 that provide the function as 
anticipated herein and the shape (including rectangular, oVu 
lar, triangular cross-section, etc.), in and of itself, should not 
be limiting. 
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0036. In the depicted embodiment, a light sensor module 
118 is secured to an exterior Surface of the Syringe housing 
102. The light sensor module 118 includes a light sensor 
housing 119 that encloses a light sensor 120. In certain 
embodiments, the light sensor 120 may be a linear array 
comprising a plurality of pixels, such as model no. TSL1406R 
manufactured by AMS-TAOS USA, Inc., of Plano, Tex. In 
other embodiments, the light sensor 120 may be one or more 
discrete light sensors, such as photoresistors. In general, a 
greater number of discrete light sensor elements (pixels, pho 
toresistors, or otherwise), may improve accuracy. One or 
more leads or wires 124 extend from an end of the light sensor 
module 118, as required or desired for a particular applica 
tion. However, one skilled in the art would readily recognize 
that wires 124 need not be utilized with different sensor 
configurations. For example, using a light sensor on a circuit 
board may require alternative connections. A cable 126 con 
nects at an end 128 to an interface unit that analyzes the output 
of the light sensor module 118 and provides this information 
to a user of the monitoring syringe 100, typically on a display. 
In other embodiments, communication may be via a radio, 
Bluetooth, of other wireless connection. The displayed infor 
mation may include Volume of the chamber, Volume remain 
ing, Volume dispensed, fluid type, flow rate, fluid pressure or 
temperature and/or other information, as required or desired 
for a particular application. 

0037. In the depicted embodiment, the shaft 108 of the 
plunger 106 is Substantially translucent, meaning light may 
generally pass through the shaft 108. A discrete portion or 
band 130 may be disposed on or formed with the shaft 108. 
The band 130, in this case, is a portion of the shaft 108 having 
a translucency less than the translucency of the remainder of 
shaft 108, oran opacity greater than the opacity of the remain 
der of the shaft. As the plunger 106 is slidingly moved M 
along the axis A, the band 130 of lesser transparency passes 
in front of the light sensor 120 of the light sensor element 118. 
Light passes through the plunger portion having higher trans 
lucency and is received by the light sensor module 118. The 
light sensor module 118 sends a signal to the interface unit 
that determines the position of the plunger 106 within the 
syringe housing 102, based on the opacity of band 130 along 
the light sensor 120. Thus, the position of the plunger 106 can 
be determined. The interface may also determine the various 
types of information listed above, based on a known diameter 
and length of the bore 104 of the syringe housing 102. Two 
finger rings or tabs 132 receive the fingers of a user during use. 
A stop 134 prevents the plunger 106 from being pulled out of 
the Syringe housing 102. 
0038 FIGS. 4A-4C depict various alternative configura 
tions of plungers that may be utilized with various monitoring 
Syringes herein. FIG. 4A depicts a partial enlarged perspec 
tive view of another embodiment of a monitoring syringe 200. 
In this embodiment, a plunger 206 includes a shaft 208. 
Rather than the discrete band depicted above in FIGS. 2 and 
3, the depicted embodiment includes a gradation 230 of vary 
ing translucency/opacity along the plunger shaft 208. In the 
depicted embodiment, the gradation 230 is darker (i.e., less 
translucent or more opaque) proximate the piston 210. Proxi 
mate the stop 234, the translucency of the gradation 230 is 
higher (and conversely, the opacity lower). The transition of 
the gradation may be Smooth or in discrete bands. In certain 
embodiments such as the one depicted in FIG. 4A, no shading 
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may be present proximate the stop 234 and the translucency 
of that portion may be the same as that of the shaft 208, 
generally. 
0039 FIG. 4B depicts a partial enlarged perspective view 
of another embodiment of a monitoring syringe 300. In this 
embodiment, a plunger 306 includes a shaft 308. Rather than 
the discrete higher opacity band depicted above in FIGS. 2 
and 3, the depicted embodiment utilizes a shaft 308 having a 
discrete band 330 of higher translucency. That is, the portion 
of the shaft 330 disposed between the piston 310 and stop 334 
is substantially opaque, while the band 330 is substantially 
translucent. 
0040 FIG. 4C depicts a partial enlarged perspective view 
of another embodiment of a monitoring syringe 400. In this 
embodiment, a plunger 406 includes a shaft 408. The grada 
tion 430 is disposed opposite the gradation of the embodi 
ment of FIG. 4A. In the embodiment of FIG. 4C, the gradation 
430 is darker (i.e., less translucent or more opaque) proximate 
the stop 434. Proximate the piston 410, the translucency of the 
gradation 430 is higher. The transition of the gradation 430 
may be smooth or in discrete bands. In certain embodiments, 
no shading may be present proximate the piston 410 and the 
translucency of that portion may be the same as that of the 
shaft 408, generally. 
0041 Any of the configurations of the plungers depicted 
in FIG. 2, 3, or 4A-4C may be utilized with the monitoring 
Syringes depicted herein. That is, plungers having discrete 
bands of opacity or translucency, or plungers having increas 
ing or decreasing gradations (measured from the piston to the 
stop) may be utilized with Syringes utilizing light sensor 
modules. Regardless of plunger opacity/translucency con 
figuration, the light sensor modules detect changes of light 
being received as the monitoring Syringe is used. Depending 
on the location of one or more light sensors within the light 
sensor module, the changes enable an interface device to 
determine the position of the plunger and, accordingly, the 
Volume and other characteristics or conditions of the device. 

0042. The various embodiments of measuring syringes of 
FIGS. 2-4C describe devices that generally include a light 
sensor module and/or light sensor positioned on, in, or proxi 
mate the device housing or bore. The portion of the device 
including the variation of translucency is principally posi 
tioned on, in, or proximate the device plunger. Of course, the 
configuration of the components can be reversed if desired, 
Such that the housing/bore includes variations in translu 
cency, while the plunger includes a light sensor or light sensor 
module. These embodiments are also considered within the 
Scope of the technology. 
0043 FIGS.5A-5C depict various embodiments of moni 
toring Syringes. FIG. 5A depicts a monitoring Syringe 600 
utilizing a sensor module 618. The sensor module 618 
includes a sensor housing 619 and a linear array 620. The 
linear array 620 includes a plurality of pixels 620a. In the 
depicted embodiment, the monitoring syringe 600 includes a 
plunger 606 having a shaft 608 including a translucent band 
630. The band 630 need not be completely translucent, but 
merely sufficiently translucent such that the pixels 620a 
within the light array 620 may detect a change in light 
received. In this embodiment, the received light is ambient 
light 640 that may be present in a room such as a Surgical 
suite. Conversely, light source 640 may be from a source other 
than ambient light, such as an infrared or ultraviolet light 
generator, for example. Additionally, the light sensor module 
618 may be configured with filters to receive light of only a 
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predetermined wavelength (e.g., infrared, ultraviolet, etc.). 
Alternatively, the plunger 606 or shaft 608 may be configured 
with a filter to filter the received light to the desired wave 
length. 
0044 FIG. 5B depicts a monitoring syringe 700 utilizing a 
sensor module 718. The sensor module includes a sensor 
housing 719 and a light sensor 720 that includes discrete light 
sensor elements 720a, Such as for example, photoresistors. In 
the depicted embodiment, the monitoring syringe 700 
includes a plunger 706 having a shaft 708 including a grada 
tion 730, wherein the gradation 730 is less translucent proxi 
mate the piston 710 and more translucent proximate the stop 
734. Instead of utilizing ambient light as with the previous 
embodiments, the monitoring syringe of FIG. 5B utilizes a 
light emitter module 750, such as, for example, light emitting 
diodes (LEDs). The light emitter module 750 is secured to the 
Syringe housing 702 in a manner similar to the light sensor 
module 718. The light emitter module 750 includes an emitter 
housing 752 and a light emitter 740 including a plurality of 
light emitter elements 740a. In the depicted embodiment, the 
discrete light emitter elements 74.0a may be disposed oppo 
site and aligned with the discrete light sensor elements 720a, 
but this is not required. Additionally, the light emitter ele 
ments 74.0a may be configured to only emit light having a 
particular wavelength, or the light may be filtered so as to 
restrict the light that is emitted and/or sensed. As the grada 
tion 730 passes between the light sensor module 718 and the 
light emitter module 750, light signals are received by the 
discrete light sensor elements 720a. The light sensor module 
718 sends signals to an interface, which processes the signals 
to determine the position of piston 710. The light sensor 
module 718 and light emitter module 750 are disposed 
approximately 180 degrees from each other about the circum 
ference of the syringe housing 702. In other embodiments, the 
modules 718, 750 may be disposed less than about 180 
degrees from each other. In certain embodiments, the mod 
ules 718, 750 may be disposed about 90 degrees from each 
other. If desired, the modules 718, 750 may be contained in a 
common housing. 
0045 FIG. 5C depicts a monitoring sensor 800 utilizing a 
sensor module 818. The sensor module includes a sensor 
housing 819 and a light sensor 820 that includes discrete light 
sensor elements 820a, such as photoresistors. In the depicted 
embodiment, the monitoring Syringe 800 includes a plunger 
806 having a shaft 808 including a gradation 830, wherein the 
gradation 830 is less translucent proximate the piston 810 and 
more translucent proximate the stop 834. The monitoring 
syringe 800 utilizes a light emitter module 850. The light 
emitter module 850 is secured to the syringe housing 802 in a 
manner similar to the light sensor module 818. The light 
emitter module 850 includes an emitter housing 852 and a 
light emitter 840 including a plurality of light emitter ele 
ments 840a. Note that the emitter housing 852 and sensor 
housing 819 may include a structural element (e.g., tape or 
adhesive) to facilitate fixation of emitters/sensors to the 
chamber, or may include emitters/sensors being disposed 
within the chamber wall. In the depicted embodiment, the 
discrete light emitters 84.0a are disposed opposite and aligned 
with the discrete light sensor elements 820a, but this is not 
required. Additionally, the light emitter elements 84.0a may 
be configured to only emit light having a particular wave 
length (for example, near infrared light generator), or may be 
filtered. As the gradation 830 passes between the light emitter 
module 818 and the light sensor module 850, light signals are 
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received by the discrete light sensor elements 820a. The light 
sensor module 818 sends signals to an interface, which pro 
cesses the signals to determine the position of piston 810. The 
light sensor module 818 and light emitter module 850 are 
disposed approximately 180 degrees from each other about 
the circumference of the syringe housing 802. In other 
embodiments, the modules 818, 850 may be disposed as 
described above with regard to FIG. 5B. The monitoring 
syringe 800 of FIG.5C utilizes a light sensor module 818 and 
light emitter module 850 having higher sensor and emitter 
densities than those of FIGS.5A and 5B. As described above, 
this may result in greater positional accuracy. 
0046 FIG. 6 depicts another embodiment of a monitoring 
syringe 900. In this case, the light sensor housing 919, con 
taining the light sensor 920 and wires 924, is detachably 
secured to the Syringe housing 902. The light sensor housing 
919 may be secured with clips, C-clamps, resilient catches, or 
other elements 960 that allow the light sensor housing 919 to 
be removed from the syringe housing 902. Such a configura 
tion may be desirable so the light sensor housing 919 and 
related components may be reused on a different Syringe, 
typically after a medical procedure. The light sensor housing 
919 may be removed from a first syringe housing 902 and 
reattached to a second Syringe housing at a later time. Once 
the wires 924 (or similar connective instruments) are recon 
nected to the interface (as described above) a calibration 
program may be executed so as to calibrate the light sensor 
module 918 for the new syringe. 
0047. The embodiments described herein may include 
various elements or components to measure and/or detect a 
displacement of a plunger within a chamber, such as a 
Syringe. And, with the detection of a positional relationship of 
a plunger within a chamber, a user may explicitly or implicitly 
determine a volume of media that may have been ejected from 
a chamber. Some of the embodiments described may include 
various sources in the generation of light, as well as compo 
nents to detect or sense the light, depending on the positional 
relationship of the plunger/piston and the chamber. Other 
alternative embodiments capable of identifying positional 
relationships of a plunger and chamber (and changes thereof) 
may include, without limitation, the following technologies. 
A hall sensor (coiled wire along syringe axis) may be placed 
on, or in proximity to, the chamber with a magnet attached to 
the plunger (so as to act as a variable proximity sensor). 
Multiple low sensitivity hall sensors may be disposed along 
the chamber of the Syringe with a magnet attached to the 
plunger. Laser light may be emitted and detected to determine 
a positional relationship of the plunger along the chamber 
axis. An absolute encoder may be used to “read the direct 
displacement of the plunger. 
0048 FIG.7 depicts a method 1000 of using a monitoring 
Syringe utilizing light signals. At operation 1002, a signal is 
received from a light sensor, the position of which on a moni 
toring Syringe is known. Other characteristics of the light 
sensor, such as receptive wavelength, may be known. Based 
on the position of the light sensor and the signal received from 
said sensor, a position of a piston is then determined in opera 
tion 1004. In certain embodiments of the method 1000, a light 
signal is emitted from the first emitter in operation 1006. In 
embodiments where multiple light sensors are used, a light 
signal may be received at a second light sensor having known 
characteristics (e.g., position) in operation 1008. An updated 
position may then be determined based on the characteristic 
of the second light sensor and the signal in operation 1010. At 
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any time a light signal is received from a known light sensor, 
a condition of the Syringe (such as those described herein) 
may be determined, as in operation 1012. 
0049 FIG. 8 illustrates one example of a suitable operat 
ing environment 1100 in which one or more of the present 
embodiments may be implemented. This is only one example 
of a suitable operating environment and is not intended to 
Suggest any limitation as to the scope of use or functionality. 
Other well-known computing systems, environments, and/or 
configurations that may be suitable for use include, but are not 
limited to, personal computers, server computers, hand-held 
or laptop devices, multiprocessor Systems, microprocessor 
based systems, programmable consumer electronics Such as 
Smartphones, network PCs, minicomputers, mainframe com 
puters, Smartphones, tablets, distributed computing environ 
ments that include any of the above systems or devices, and 
the like. 

0050. In its most basic configuration, operating environ 
ment 1100 typically includes at least one processing unit 
1102 and memory 1104. Depending on the exact configura 
tion and type of computing device, memory 1104 (storing, 
among other things, instructions to perform the monitoring 
methods described herein) may be volatile (such as RAM), 
non-volatile (such as ROM, flash memory, etc.), or some 
combination of the two. This most basic configuration is 
illustrated in FIG. 8 by dashed line 1106. Further, environ 
ment 1100 may also include storage devices (removable, 
1108, and/or non-removable, 1110) including, but not limited 
to, magnetic or optical disks or tape. Similarly, environment 
1100 may also have input device(s) 1114 such as touch 
screens, keyboard, mouse, pen, Voice input, etc. and/or output 
device(s) 1116 Such as a display, speakers, printer, etc. Also 
included in the environment may be one or more communi 
cation connections, 1112, such as LAN, WAN, point to point, 
Bluetooth, RF, etc. 
0051 Operating environment 1100 typically includes at 
least some form of computer readable media. Computer read 
able media can be any available media that can be accessed by 
processing unit 1102 or other devices comprising the operat 
ing environment. By way of example, and not limitation, 
computer readable media may comprise computer storage 
media and communication media. Computer storage media 
includes Volatile and nonvolatile, removable and non-remov 
able media implemented in any method or technology for 
storage of information Such as computer readable instruc 
tions, data structures, program modules or other data. Com 
puter storage media includes, RAM, ROM, EEPROM, flash 
memory or other memory technology, CD-ROM, digital ver 
satile disks (DVD) or other optical storage, magnetic cas 
settes, magnetic tape, magnetic disk storage or other mag 
netic storage devices, Solid State storage, or any other tangible 
medium which can be used to store the desired information. 
Communication media embodies computer readable instruc 
tions, data structures, program modules, or other data in a 
modulated data signal Such as a carrier wave or other transport 
mechanism and includes any information delivery media. The 
term "modulated data signal” means a signal that has one or 
more of its characteristics set or changed in Such a manner as 
to encode information in the signal. By way of example, and 
not limitation, communication media includes wired media 
Such as a wired network or direct-wired connection, and 
wireless media such as acoustic, RF, infrared and other wire 
less media. Combinations of the any of the above should also 
be included within the scope of computer readable media. 
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0052. The operating environment 1100 may be a single 
computer operating in a networked environment using logical 
connections to one or more remote computers. The remote 
computer may be a personal computer, a server, a router, a 
network PC, a peer device or other common network node, 
and typically includes many or all of the elements described 
above as well as others not so mentioned. The logical con 
nections may include any method supported by available 
communications media. Such networking environments are 
commonplace in offices, enterprise-wide computer networks, 
intranets and the Internet. In some embodiments, the compo 
nents described herein comprise Such modules or instructions 
executable by computer system 1100 that may be stored on 
computer storage medium and other tangible mediums and 
transmitted in communication media. Computer storage 
media includes Volatile and non-volatile, removable and non 
removable media implemented in any method or technology 
for storage of information Such as computer readable instruc 
tions, data structures, program modules, or other data. Com 
binations of any of the above should also be included within 
the scope ofreadable media. In some embodiments, computer 
system 1100 is part of a network that stores data in remote 
storage media for use by the computer system 1100. 
0053. The monitoring systems described herein may be 
utilized to deliver any types of fluids to a patient during a 
medical procedure. Such fluids may include medium (media), 
agents, Substances, materials, medicaments, and the like. It 
should be noted that these terms are used generically hereinto 
describe a variety of fluidal materials that may include, at 
least in part, a Substance used in the performance of a diag 
nostic, therapeutic or/and prophylactic medical procedure 
and such use is not intended to be limiting. It should be 
understood that the medium delivery modulation and/or mea 
surement devices and methods described herein are not lim 
ited to the particular, representative embodiments as 
described, since variations may be made to these embodi 
ments without departing from the scope and spirit of the 
disclosure. Likewise, terminology employed in the descrip 
tion of embodiments is not intended to be limiting and is used 
merely for the purpose of conveyance of the concept. Unless 
defined otherwise, all technical and scientific terms used 
herein have the same meaning as commonly understood to 
one of ordinary skill in the art of which the disclosed devices 
and methods pertain. 
0054 The materials utilized in the manufacture of the 
monitoring Syringe may be those typical in medical applica 
tions. Plastics such as polycarbonate may be utilized for the 
Syringe housing and plunger. The band or gradation may be 
printed directly on the plunger shaft, or may be printed on a 
discrete plastic sheet or sheath that may then be affixed to the 
plunger shaft. Various types of printing may be utilized to 
change the translucency or opacity of the band or gradation. 
In some embodiments, the type of printing may be based on 
the type of light to be received by the sensors. For example, 
carbon-based printing may be utilized for sensors that detect 
infrared light. Thus, the band or gradation may be utilized as 
the filter described above. 

0055 While there have been described herein what are to 
be considered exemplary and preferred embodiments of the 
present technology, other modifications of the technology 
will become apparent to those skilled in the art from the 
teachings herein. The particular methods of manufacture and 
geometries disclosed herein are exemplary in nature and are 
not to be considered limiting. It is therefore desired to be 
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secured all such modifications as fall within the spirit and 
Scope of the technology. Accordingly, what is desired to be 
secured by Letters Patent is the technology as defined and 
differentiated herein, and all equivalents. 
What is claimed is: 
1. An apparatus comprising: 
a Syringe housing: 
a plunger slidably received within the Syringe housing 

between a first position and a second position, the 
plunger comprising a Substantially opaque portion and a 
Substantially translucent portion; and 

a light sensor module disposed on the Syringe housing, 
wherein the light sensor module comprises a light sensor 
housing and a first sensor element and a second sensor 
element, wherein the first sensorelement and the second 
sensor element are disposed within the sensor housing, 
wherein positioning the plunger at the first position 
aligns the substantially translucent portion with the first 
sensor element and positioning the plunger at the second 
positionaligns the Substantially translucent portion with 
the second sensor element. 

2. The apparatus of claim 1, further comprising a lead 
extending from the light sensor. 

3. The apparatus of claim 2, further comprising an interface 
for connecting the lead to a measuring device, and wherein 
the measuring device displays a total Volume injected and 
emits a warning of a critical outcome. 

4. The apparatus of claim 1, wherein the light sensor hous 
ing is releasably fixed to the syringe housing. 

5. The apparatus of claim 4, further comprising means for 
releasably securing the light sensor housing to the Syringe 
housing. 

6. The apparatus of claim 5, wherein the means comprises 
at least one of a clamp, a clasp, a hook and loop fastener, and 
a magnet. 

7. The apparatus of claim 1, further comprising a light 
emitter module disposed on the Syringe housing, wherein the 
light emitter module comprises a light emitter housing and a 
first emitter element and t second emitter element, wherein 
the first emitter element and the second emitter element are 
disposed within the emitter housing. 

8. The apparatus of claim 7, wherein positioning the 
plunger at the first position aligns the Substantially translu 
cent portion with the first emitter element and positioning the 
plunger at the second position aligns the Substantially trans 
lucent portion with the second emitter element. 

9. The apparatus of claim 8, wherein the first emitter ele 
ment and the first sensor element are aligned. 

10. The apparatus of claim 7, wherein the sensor housing is 
disposed on the Syringe housing about 180 degrees from the 
sensor housing. 

11. An apparatus comprising: 
a Syringe housing: 
a plunger slidably received within the Syringe housing: 
a light sensor module secured to the Syringe housing; and 
a light emitter module secured to the Syringe housing, 

wherein the plunger comprises a plurality of Substan 
tially translucent portions. 

12. The apparatus of claim 11, wherein the plurality of 
Substantially translucent portions comprise: 

a first portion having a first translucency; and 
a second portion having a second translucency less than the 

first translucency. 
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13. The apparatus of claim 11, wherein the plurality of 
Substantially translucent portions comprise a gradation. 

14. The apparatus of claim 11, wherein the light sensor 
module comprises a plurality of light sensors and the light 
emitter module comprises a plurality of light emitters. 

15. The apparatus of claim 11, wherein the light emitter 
module is disposed at a location about the Syringe housing at 
least about 90 degrees from the light sensor module. 

16. A method of determining a condition of a Syringe, the 
method comprising receiving a first signal from a first light 
sensor, wherein a position of the first light sensor on the 
Syringe is known. 

17. The method of claim 16, further comprising determin 
ing a first position of a piston disposed within the Syringe 
based at least in part on the received first signal. 

18. The method of claim 16, further comprising emitting a 
light signal from a light emitter disposed on the Syringe. 

19. The method of claim 16, further comprising receiving 
a second signal from a second light sensor, wherein a position 
of the second light sensor on the Syringe is known. 

20. The method of claim 19, further comprising determin 
ing a second position of the piston based at least in part on the 
received second signal. 
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